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RESEARCH MEMORANDUM

PUMPING AND THRUST CHARACTERISTICS OF SEVERAL DIVERGENT
COOLING-AIR EJECTORS AND COMPARISCN OF PERFORMANCE
WITH CONICAL AND CYLINDRICAL EJECTORS

By S. C. Huntley and Herbert Yanowlitz

SUMMARY

An Investigatlon was made of the performance of four divergent
sjJector configurations having shroud-exit to primary-nozzle-exit
diameter ratios of 1.2 and 1.3 with minimum.-.shroud to primary-nozzle-
oxit dilameter ratios of 1.1 and 1.2, respectively. ZFor both exit-
dlameter ratios, spacing ratios of 0.87 and 1.6 were Investlgated.

A comparison of the performance of conical, cylindrical, and
divergent ejectors showed that on the basls of similar design variables
(exit-diameter ratio and spacing ratio) each configuration has merit.
At an exit-dlameter ratlio of 1.2 and spacing ratlos of 0.9 and 1.6, the
divergent ejector had the highest thrust at zero secondary flow. Wlith
corrected welght-flow ratios of 0.03 and 0.07, the dlvergent ejector
had the highest thrust at low primery pressure ratios, while the cylin-
drical ejector had the highest thrust at high primary pressure ratlos.
The range of primary pressure ratio over which the cylindrical ejector
was advantageous In thrust lncreased for both the hlgher corrected
wolght-flow ratio and the larger spacing ratio. The conlcal ejector,
however, can pump & glven corrected weight flow over & wider range of
primary pressure ratlo but at the expense of a relatively low ejector
thrust. The dlilvergent ejJector had the smallest range of primary
pressure ratlo for a given corrected weight~flow ratio.

The possibility of obtaining ejector thrust performance from &
simple one-dimensional equation and from a measurement of wall pres-

sure dlstribution was illustrated by the good agreement between
measured and calculated thrust.

INTRODUCTICN

The jet ejector is & simple device that is being widely used to
pump cooling air. Tt has been shown (ref. 1) that when an ejector is
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used to pump coolling air through an annulaer passage surrounding an
afterburner, thrust increases over the basic engine with a simple
conical exhaust nozzle may be obtalned. At the present, the NACA

1s conducting a research progrem to Investigate the performence of
model and full-scale Jet ejectors. Previous reports have presented data
for model conical ejectors (refs. 2 to 5), cylindrical ejectors (refs.

8 and T), and double-shroud ejectors (refs. B and 9).

It was shown (ref. 8) that ejector shape (conical versus cylin-
drical) has an effect on the pumping and thrust characteristics, As
part of a continuing program to investigate the performesnce of ejectors,
several divergent ejectors were tested at the NACA Lewis laboratory,
end the data obtained are presenteéd herein. The divergent ejectors
differ from the conical end cylindricel in thet mixing of the primary
and secondary streams occurs in a reglon of Increaslng area as opposed
to decreasing ares for a conical ejector and constant area for a cylin-
drical ejector. This difference in available flow ares may lead to
better pumping or thrust characteristics, or both. Also, the divergent
ejector results in smell areas around the primary Jet nozzle, which may
be desirable because of the increased velocity of cooling-air flow and
hence greater heat transfer from wall to cooling air. A small area
around the primary Jjet nozzle may, however, lead to & high pressure drop
if the passage contains nozzle actuators, for instance, lnstead of
being smooth.

Four divergent ejectors were investigated. The ejectors were
operated over a range of primary pressure ratio from 1.0 to 10 at zero
secondary flow and at constant values of secondary pressure ratio from
0.40 to 4.0. The temperature of both the primary and secondary air
streams was approxlmately 80° F. The pumping and thrust characteristics
are presented as a functlon of primary pressure ratlo for several values
of corrected welght-flow ratio from zero to 0.10.

The pumping and thrust characteristics of the divergent ejectors
are compered with the conlcal and c¢ylindrical ejectors omn a basis of
gimilar deslgn variables. The effect of wall pressure on the ejector
thrust is also discussed. 1

APPARATUS AND PROCEDURE

The nomenclature for the divergent-ejector investigation 18 N
presented 1n figure 1, and a dlagram of the model setup is schematically
shown in figure 2. The apparatus, instrumentation, and procedure are
the same as described in reference 4, except, of course, for the change
in ejector-shroud geometry. The secondary pressure eand temperature-

measuring statlon for the divergent ejector was g% inches upstream
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of the primary-nozzle exit. The conical primary nozzle and shroud had
hglf-cone angles of 8° with 5- and 10-inch-~inside-dismeter approach
plpes, respectively. The corrected weight-flow ratio and ejector thrust
reatio used to generelize the experimental data were based on experimen-
tally measured velues of primary jet nozzle welght flow and thrust. The
discharge and thrust coefficients of the primary nozzle are presented
in figure 3 to indicate the correction necessary to obtain agreement
between measured and idesl values of primary-nozzle weight flow and
thrust.

Descriptive dimensions of the various divergent-ejector configu-
rations investigated are given in the following table:

Ejector | Minimum- Exlt=- |Spacing|Divergence
diemeter |diameter| retio, angle,
ratio, ratio, L/Dp da,
e
D m/DP De/DP &
1 1.11 1.21 0.887 3.88
2 1.11 1.20 | 1.63 1.72
3 1.21 1.31 874 3.82
4 1.20 1.31 1.83 1.95

The performance of each conflguration was investigated over a
range of primary pressure ratio from 1.0 to approximately 10 at zero
secondary flow and at constant values of secondary pressure ratio from
0.40 to 4£.0. The temperature of both the primary and secondsry air
streams was approximately 80° F.

RESULTS AND DISCUSSION
Divergent-Ejector Performance

ing characteristics. - The experimental pumping characteristic
data of the four divergent ejectors are presented in figure 4 for
constant values of secondary pressure ratio from 0.40 to 4£.0. Experi-
mentel data for zero secondary flow and curves for correctsd weight-
Plow ratios from 0.0l to 0.10 (obtained from a cross plot of the data
shown in fig, 4) are presented in figure 5. The performance trends
shown are generally similar to the previously reported trends of the
conical and cylindrical ejectors. At zero secondary flow, the secondary
pressure ratio Ps/Po decreased as the primary pressure ratio Pp/PO

increased, until a minimum value of Ps/po wasg reached. The value of
Py/po &t which the (Pg/Pglpin Wwas obtalned indicates the polnt at
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which the shroud beceme "choked," and the ratio of Ps/Po to Pp/po
becomes constant (constant slope) with a further increase in Pp/po.

Similar trends are observed for various secondary flow rates; however,
the (Pg/Polmin Obteined at a given value of corrected welght-flow

ratio increased with increasing weight-flow ratio.

Inspection of the curves presented in figure 5 shows that the

value of Pp/PO &t which the (Ps/Po)min was obtained differs comsider-

ably for the severasl configurations and also is dependent on the value
of corrected weight-flow ratio. In addition, at a constant value of
corrected welght-flow ratio, the Pg/py obtained at a given value of

Pp/po is dependent on the configuration. For the configurations tested,

the eJjector heving a smeller exit diameter and longer spacing (smaller
divergence angle) obtained the lowest Pg/p, at low values of Pp/po

for a glven corrected weight-flow ratio, while the ejector with the
larger exit diesmeter and shorter spacing (larger divergence angle)
obtained the lowest Ps/Po &t high velues of Pp/PO' Consequently, the

selection of & sultable ejector for a particular cooling requirement
will necessitate consideration of the effect of ejector configuration
and slso of the primsry pressure retio range anticlpated on the desired
pumping charecteristics.

Thrust charecteristics. - The experimental thrust-characteristic
data of the four divergent ejectors are presented in figure 6 for zero
gecondary flow and for constant values of Ps/Po from 0.40 to 4.0.

Cross plots of the data of figure 6 are presented In figure 7 for cor-
rected welght-flow ratios from zero to 0.10. The thrust-performance
trends exhibited by the divergent ejectors &re similar to those of the
conlcel asnd cylindrical elJectors previously reported (refs. 2 to 9).
In general, the minimm ejector thrust ratio occurred at the Pp/PO

corresponding to the point of (Ps/po) As Pr/po was increased

min®
sbove that required for the (Ps/PO)min’ the ejector thrust ratio

increased rapidly up to primery pressure ratios of about 5 (at low
welght-flow ratios), probably &s the result of less overexpansion of
the primary and secondary streams within the shroud. At high primary
pressure ratios, the ejector thrust ratio increased at a much slower
rete, which indicates that perhaps the flow within the shroud wes
becoming stebilized. The thrust ratio of the ejectors increased, of
course, with increasing secondary flow.

Inspection of the curves presented in figure T sghows that for a

given corrected weight-flow ratio the ejectors with shorter spacing
(larger divergence angle) generally had a higher thrust at anmy value of

pd _,..u-nhunm.ﬁ_'l:ngq.ﬁ .
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primary pressure ratio than those of the same exit-dlemeter ratio but
with longer spacing. On the other hand, the ejectors with a smaller
exit dismeter had higher thrust at intermediate values of Pp/Po

then those of the same spacing but with larger dismeters, while the
ejectors wlth larger diesmeters had higher thrust at either low or high
P .
%

The ejJector thrust ratio is another factor to be comsidered in
the selection of & suitable ejector for a particular cooling require-
ment. A low Ps/PO was not conducive to high thrust for any of the

configuretions tested, except for the ejector with a large exit dlasmeter
and short spacing. However, the low Pg/p, and high thrust for the

ejector with & large exlt diameter and short spacing occurred at only
high values of Ps Py Consequently, eJjector thrust ratio, generally,

must be compromised with the values of Ps/p0 desired to pump a given

corrected weight-flow ratio; and, as in the consideratlon of pumping
characteristics, the cholice of conflguration may be governed to some
extent by the design range of primsry pressure ratio.

Comparison of Ejectors

A comparison of the performance of conical, cylindrical, snd
divergent ejectors on & basis of similar design varilables (exit-
digmeter rgtio De/Dp and spacing ratio L/Dp), whereln the merits of

each configuration will be governed mainly by intermal-flow character-
istics, should glve an Indication of the influence of shroud geomstry
on the mixing and expansion processes. The pumping characteristics of
cylindrical ejectors have been compared quantitatively with an idesglized
flow, and good agreement between theory and experimental date was
obtained (ref. 7). A similar compsrison between conleal, cylindrical,
and divergent ejectors is not &s Bimpls because of the influence of wall
pressure on the conservetion of momentum betwsen the primsry nozzle
(shroud inlet) and the shroud exit snd the fact that & rational method
of deriving wall pressure distribution along the length of shrouds is
not presently aveileble for all ejectors and operating conditions. A
qualitetive comparison of idealized flows will be used, however, to
explain trends in the experimental data, and the effect of wall pressure
on ejector thrust will be discussed. The geometries of ejectors having
the same De/D and I./DP are compared in figure 8. The divergent

P
ejector has the smallest svallable flow area within the shroud, and the
conlcal ejector, the lasrgest. Furthermore, the effects of an increase
in L/Dp on the ejector geometry are (1) to lengthen the cylindrical

shroud, (2) to make the divergent ejector approach the cylindrical witﬁ
a glight decrease In available flow area, and (3) to make the conlcal
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ejector depart further from both the cylindrical and divergent ejectors,
with & relatively large increase in availsble flow srea.

Pumping charscteristics. - A comparison of the experimental
pumping characteristics of conical, cylindrical, and divergent ejectors
with a De/DP of 1.2 1s presented in figure 9 for L/Dp's of 0.9 and

1.6. Curves are presented for corrected weight-flow ratios of zero,
0.03, and 0.07. As expected from geometrical considerations, the diver-
gent ejector (having the smallest flow ares available) had the lowest
value of Pb/PO vherein e stebllized primsry supersonic flow was first

obtained (as indicated by the attainment of & comstant ratio of Pﬁ/po
to Pp/PO)’ and the conlcal ejector hsd the highest velue in sll cases.

At zero secondary flow and L/DP of 0.9 (fig. 9(a)), the diver-
gent ejector had the lowest and the conlcal the highest Ps/po over the
entire range of Pp/po. The divergent ejector generally should hsve the
highest Pé/PO’ because it allowe the least amount of free expansion;

but, apparently, with this L/Dp the close proximity of the divergent

shroud to the expanding primary stresm became & goverming factor, and
large shear forces caused an increase in the extent of free expausion
with & subsequent decrease in P_/p,. An increase of L/IDP to 1.6

(fig. 9(b)), which decreased the Pp/pO required for stabilized flow

(minimum Ps/p ) of both the cylindrical and divergent ejectors but had
no effect on the conical ejector, is indlcatlve of the effect of increased
L/Dp on the extent of primary stream expansion. The Increased L/Dp
Increased the Pg/p; of the conical ejector, decreased that of the

divergent, but did not affect that of the cylindrical; these effects
resulted in more nearly equal values of (Ps/PO)min for the cylin-

drical and divergent ejectors than for the conical ejector. This is in
accord with the effect of an increasing I./DP on the flow area avall-

able in the shrouds. At the longer L/DP’ the decreased flow area

avallable was detrimentgl to the divergent ejector in attaining s rela-
tively low value of Ps/po, and, as & result, the cylindrical ejector

had the lowest P./p, &t & Py/py &bove about 2.

With secondery flow, mixing of the two streams and less primery
expansion resulted in & higher Ps/po for all shrouds, and the relatlve
increase in Ps/po at a given corrected weight-flow ratio corresponded

to the relative amount of flow area gvailable. The conical ejector with
‘the most flow area avallable generally had the lowest P /po and
s

e bR IREN FoAd
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consequently can pump a glven corrected weight-flow ratio over a wider
range of Pp/po. The divergent ejector with the least flow area avail-

sble and the lowest resultant extent of primsry stream expansion became
choked st the lowest value of P?/po for & given corrected weight-flow

retio and subsequently had the least pumping ability. The effect of an
increase in corrected welght-flow rstio from 0.03 to 0.0T7, which resulted
in a decrease in primsry stream expansion and a subsequent lower primary
Mech mumber for choked flow, decreased the pumping range of Pp/Po for

all ejectors. The conlcal ejector having the largest flow area available
was affected the least by sn increass Iin corrected weight-flow ratio.

Increasing IL/D_ from 0.9 to 1.6 (figs. 9(c) to (f)) resulted in &
lower PS/PO for all ejectors at low values of Pp/po, whlle at high

values of Pp/po, there resulted no change in P /py for the cylindrical

ejector, an increase in that for the divergent, and a decrease in that
for the comical. Again, the effect of an iIncrease iIn I./DP is a result

of the change in flow area availsble for expansion of the primery stream.
As a result of the relatively large increase in flow area of the conical
sjector gt the incresased L/DP, the cylindricel ejector had & lower

Ps/PO at P?/po less than 2.6 and a corrected welight-flow ratio of 0.03

(fig 9(d)). Evidently with a large flow areas available, overexpansion of
the primary stresm became a governing factor in the performance of the
conical ejector at the low corrected weight-flow retio.

Thrust characteristics. - A comparison of the experimentsl thrust
characteristics of conicsal, cylindrical, and divergent ejectors with an
exit-digmeter ratic of 1.2 is presented in figure 10 for spacing ratios
of 0.9 and 1.6 and corrected weight-flow ratios of zero, 0.03, and 0.07. At
zero secondsry flow, the ejector thrust ratio of the divergent ejector
is highest snd the ejector thrust ratio of the conical is lowest at

Pb/PO above the minimm reguired for the expanding primary stream to

just £i11 the shroud exit (figs. 10(a) end (d)). The difference in
efficiency of primsry stream expansion accounts for the difference in
ejector thrust retio. Increasing the L./DP from 0.9 to 1.6 ou the

cylindrical ejector had 1little effect on ejector thrust ratio. The
divergent-ejector geometry approaches that of the cylindrical with the
increased L/Dp, and consequently the increase in the thrust ratio of

the divergemt ejector over that of the cylindrical beceme less. Bince
the conical ejector with a larger shroud 1s more overexpended then the
cylindrical ejectors, the ejector thrust ratio decreased with the
increased L/Dp.

At the secondary flows considered herein, the primary stream is such
& lerge percentage of the total ejector flow that the trends in performance

=
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et zero secondery flow would be expected to be reflected in the
thrust performence with secondary flow; subsequently, at a corrected
weight-flow ratio of 0.03 and an L/Dp of 0.9, the cylindrical esnd

dlvergent ejectors gemerally hsve s hlgher ejector thrust ratio than
the conical ejector (fig. 10(b)). At Pp/po gbove 8, the cylindrical

ejector, having glightly better secondary-air handling capacity (greater
range of Pp/pO at a given corrected weight-flow ratio) than the dij_

vergent esjector, also has a slightly higher ejector thrust ratio.
Increasing the corrected weight-flow ratio to 0.07 resulted in & grester
increase in ejector thrust ratio for the cylindrical ejector than for
the divergent at PP/];,o above sbout 5 (fig. 10(c)). Increasing L/DP

from 0.9 to 1.6, which also increased the difference in geometry between
the cylindrical end conical ejectors, resulted in a larger difference

in ejector thrust ratio between these two ejectors (figs. 10(c) and (f)).
The geometry of the cylindrical and divergent ejectors became relatively
closer together with the increased L/DP’ and consequently the higher

secondary-~alr handling capecity of the cylindrical ejector resulted in
the ejector thrust ratio being higher over a wider range of Pp/po

than thet obtelned with the shorter ejectors.

In general, the divergent ejector had a higher ejector thrust
ratlio at zero secondary flow, but the thrust advantage of the divergent
eJector was small at the longer L/Dp. Wlth corrected weight-flow ratios

of 0.03 and 0.07, the divergent ejector had the highest ejector thrust ratio
at low Pp/po, while the cylindricel ejector was highest at high Pp/po,

The thrust advantage of the'divergent ejector became smaller with
incregsed secondary flow at low Pp/po, while that of the cylindrical

became larger at high Pp/po. The cylindrical ejector became advan-~
tageous in ejector thrust ratio over a wider range of Pp/po with both

increased secondary flow and increased L/DP. The conical ejector had the
lowest thrust at 81l conditions. ' -

Effect of wall pressure on ejector thrust ratlo. - The influence
of wall pressure dlstribution on the ejector thrust ratio may be seen by
conslderation of & thrust equetion based on the conservation of momentum
between the primary-nozzle exit and the shroud exit. Since gross thrust
is the difference between the total momentum of & stream and the force
exerted on the stream by ambilent pressure, an equation for ejector thrust
ratio, with frictionless one-dimensional flow assumed, may be written

as
AS
FJ"'FS' (Pw'Po)dA
Fe;j Ae )

" ?mﬁﬁﬂh&m?:_
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where the gross thrust of the primary FJ and secondary streams Fg; may

be evaluated at the primary-nozzle exit with a knowledge of the pumping
A
s

chargcteristics and the sjector geomstry. The term (Pw - po)dA
Ae

represents the wall pressure force, and, &8 previocusly mentioned s
rational derivation of this term 1s not presently svailable. The
ejector thrust retio, calculaeted from equation (1) by using the measured
well pressure distribution along the length of shrouds, is presented in
figure 11 g8 & function of Pp/po for conical, cylindricel, and dilver-

gent ejectors at & secondary flow of zero and at constant secondary pres-
sure rgtlos of 1.0 end 3.0 for sJectors having an exit-dismeter ratio

of 1.2 end & spacing ratio of 1.6. The ejector thrust ratio, which was
also calculated from equation (1) by neglecting the wall pressure term,
is shown on figure 1l as & dashed curve. Also shown are experimentally
obtained values of thrust. A comparison of the dashed lines with the
solid lines lllustrates the effect of wall pressure on ejector thrust
ratioc. As expected, the effect of neglecting the wall pressure term was
negligible for the cylindricael ejector, had ounly & slight effect on the
divergent, but had an appreclably greater effect on the conical esjector,
which had & relatively large change in area from shroud inlet to exit.
The good agreement between measured thrust and that calculeted from
equation (1) by using the wall pressure force term indicates that the
frictionel forces were low and 1llustrates the possibility of obtaining
ejector thrust performahce by using & messurement of wall pressure
distribution. Also indicated is the possibllity of predicting the thrust
by & simple one-dimensional equation if & ratlonal or empirical procedure
for predicting the wall pressure force term is availsble.

CONCLUDING REMARKS

An investigation was made of the performance of four divergent-
ejector configurations having exit-diameter ratios of 1.2 and 1.3, with
minimum-shroud dismeter ratios of 1.1 and 1.2, respectively. For both
exit-dismeter ratios, spacing ratios of 0.87 and 1.6 were investigated.

A comparison of the performance of conical, cylindrical, and di-
vergent ejectors showed that on the basis of similar design variables
(exit-diemeter ratio and spacing ratio) each configuration had merit.

In general, the dilvergent ejector had the highest ejector thrust ratio at
zero secondary Tlow, but the thrust advantage of the divergent ejector
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was small at the longer spacing ratio. With corrected weight-flow
ratios of 0.03 and 0.07, the divergent ejector had the highest ejector
thrust retio at low primary pressure ratios, while the cylindricsl
ejector was highest at high primary pressure ratios. The thrust advan-
tage of the dlvergent ejector became smaller with increaesed secondary
flow at low primary pressure ratios, while that of the cylindrical
ejector became larger at high primery pressure ratios. The cylindrical
ejector became advantageous in ejector thrust ratio over & wider range
of primary pressure ratio with both increased secondary flow and
increased spacing ratio. The conlcal ejector, however, can pump & given
corrected welght flow over a wider range of primary preassure retio at |
the expense of a relatively low ejector thrust. The dlvergent ejector
had the smallest range of primary pressure ratlo for a glven corrected
weight-flow ratio.

The possibllity of obtaining ejector thrust performaence from &
simple one-dimensional equation and from a measurement of wall pressure
distribution was illustrated by the good agreement between measured and
calculeted thrust.

Lewis Flight Propulsion Isboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, October 19, 1853

REFERENCES

1. Samuels, John C., and Yanowitz, Herbert: Analysis of Several Methods
of Pumping Cooling Alr for TurboJet-Engine Afterburners. NACA RM
E52K26, 1953.

2. Huddleston, S. C., Wilsted, H. D., and Ellis, C. W.: Performence of
Several Air BEjectors with Conical Mixing Sections and Small
Secondery Flow Rates. NACA RM E8D23, 1948.

3. Bl1is, C. W., Hollister, D. P., and Sargent, A. F., Jr.t Prelimlnary
Investigation of Cooling-Air Ejector Performance at Pressure Ratlos
from 1 to 10. NACA RM ES51H21, 1951.

4, Greathouse, W. K., and Holllster, D. P.: Preliminary Air-Flow and
Thrust Calibrations of Several Conicel Cooling-Air Ejectors with a
Primary to Secondary Temperature Ratio of 1.0. I ~ Dismeter Ratios
of 1.21 end 1.10. NACA RM E5ZEZ21, 1952.

5. Greathouse, W. K., and Hollister, D. P.: Preliminary Air-Flow and
Thrust Calibrations of Several Conical Cooling-Air Ejectors with
& Primary to Secondary Tempersture Ratioc of 1.0. II - Diameter
Ratios of 1.06 and 1.40. NACA RM E52F26, 1952.

o CONEZOENREAL

2912



262

CI-2 back

NACA RM E53J13 SOEE————r 11

6. Greathouse, W. K., and Hollister, D. P.: Air-Flow and Thrust Charac-
teristics of Several Cylindrical Cooling-Air Ejectors with a
Primary to Secondary Temperature Ratio of 1.0. NACA RM E521.24,
1953.

T. Kochendorfer, Fred D., and Rousso, Morris D.: Performance Character-
1gtics of Aircraft Cooling EjJectors Having Short Cylindrical
Shrouds. NACA RM ESIEOL, 18951.

8. Ellis, C. W., Hollister, D. P., and Wilsted, H. D.: Investigation
of Performence of Several Double~Shroud Ejectors and Effect of
Varlsble-Area Exhsust Nozzle on Single Ejector Performance. NACA
RM E52D25, 1952. '

9. Hollister, Donald P., and Greathouse, Willlam K.: Performance of
Double-Shroud Ejector Conflgurations with Primary Pressure Ratios
from 1.0 to 10. NACA BM ES5ZK1T7, 1953.



1z

. o6 . -
A - “""’T
—i
W, —» %,Pp j Dy De
_ Py
p—— L

/Pr:mnry nozzle exit
A aree, sq ft
Aa shroud-exit area, sq ft
Ag shroud-inlet area, aq £t
Cp primary-nozzle discharge coefficient, ratic of measured

mass flow to ideal mass flow
Cp primery-nozzle thrust coefficient, ratio of measured thrust
to 1ldeal thruat of convergent nozzle, Freasured
=+ 2% - 20)] s00a1
Dg exit diameter of secondary shroud, £%
Dg/D,  exit-diemeter ratio - o -
Dy minimum dismeter of secondary shroud, £t -
Dy/Dp  minimum-diemeter ratio B
Dp exit diemeter of primary nozzle, ft -
FoJ ejector gross thrust, 1lb
Foy/F j elector thrust ratlo
F,j gross thrust of primary nozzle without secondary shroud, 1b
Fg gross thrust of secondary stream at primary-nozzle exit, lb
L spacing distance from primary exit to shroud exit, ft
L/Dp spacing ratio
m mass flow, slugs/sec : . . - . -
By primary totel pressure, lb/sq ft i}
Pp/po primary pressure ratio _ _
P, secondary total pressure, lb/sq ft
Pg/Po secondary pressure ratio
P static pressure, lb/sq £t
o exhaust ambient pressure, lb/sq £t
Py wall pressure, lb/sq £t
Ty primary total temperature, °R
Ty pecondery total temperature, R -
velocity, ft/sec

Wy primary yeight flow, 1lb/sec : - e
Wy secondary weight flow, 1b/sec : : . - E
wa'\/'lz corrected welght-flow ratio _ [ -
%oV
[ divergence engle, deg : - “

CORTIDENTIETS NACA RM E53J13

Figure 1. - Ncmenclature for ejdctor investigation.
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Figure 2. - Schematic diagram of model setup for ejector investigation.
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